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SecurementsAbstract Background: Invasive ventilation is a common practice in intensive care units (ICUs).
Once a patient is intubated, maintenance of the endotracheal tube placement is essential. When
the ETT is not secured effectively, even basic nursing management can cause tube slippage which
is a major factor in causing airway trauma.
Aim of the study: This study was aimed at comparing the effectiveness of three endotracheal tube
securement techniques (Twill, Adhesive and Simple bow) on endotracheal tube slippage, external
jugular venous pressure measurement, oral mucosa and facial skin integrity, pain intensity and
on patient satisfaction after the ﬁxation method.
Subjects and methods: A randomized clinical trial was conducted at the intensive care units in Ain
ShamsUniversity Specialized Hospital. It included a sample of 90 patients, randomly allocated to the
three equal groups: Twill, Adhesive and Simple bow groups, 30 subjects for each. The tools used for
data collection included demographic and clinical data sheet, the time proﬁle of ETT ﬁxation method
sheet and scales for endotracheal tube (ETT) slippage, external jugular venous pressure (EJVP) mea-
surement, oral assessment guide (OAG) for oral mucosa, Facial Skin Integrity, pain intensity and
patient satisfaction procedure scale. The study maneuvers were applied according to the group.
Results: Both ETT slippage and EJVP were measured at 15, 30, 60 and 120 min post ﬁxation
method. At 120 min, 73% of patients in the Twill group had no slippage compared to Simple bow
(50%) and (36%) in Adhesive groups. However, at 30 min post ﬁxation method 90% of patients
in the Twill group had normal EJVP measurement compared to Simple bow and Adhesive groups
(70% and 57%, respectively), with a statistically signiﬁcant difference between the three groups.
At 60 min, only 10% of patients in the Twill group had high EJVP compared to Simple bow
(37%) and Adhesive groups (47%) with a statistically signiﬁcant difference among them. As well,
at 120 min post ﬁxation method, most patients in the Twill group (97%) had normal EJVPd.
184 H.M. Mohammed, M.S. Hassanmeasurement, compared to the Adhesive (60%) and Simple bow (57%) groups. Oral mucosa and
facial skin integrity assessment was done for all patients in the three study groups at 2, 6, 12, and
at 24 h post ﬁxation method. For oral mucosa at 24 h post ﬁxation method, 80% of patients in
the Twill group had healthy oral mucosa compared to Simple bow and Adhesive groups (47%
and 37%, respectively), with a statistically signiﬁcant difference between the three groups
(P= 0.07). For facial skin integrity, at 6 h, no one of patients in the Twill and Simple bow groups
had severe facial skin reaction compared to patients in the Adhesive group (7%) and the difference
was statistically signiﬁcant, (P= 0.01). As well, a statistically signiﬁcant difference was revealed
among the three groups, at 12 and 24 h post ﬁxation method, (P= 0.04 and 0.02, respectively).
The Twill technique had the shortest time taken for application and removal of securement method
than other groups. Additionally, the Twill group had the lowest scores of pain at all three assessment
times (5, 10 and 20 min), whereas those in the Adhesive group had the highest scores. All these dif-
ferences were statistically signiﬁcant, (P< 0.001). Overall, 80% of patients in the Twill group were
satisﬁed, compared to 57% in the Simple bow group, and 37% only in the Adhesive group.
Conclusion: It is concluded that Twill technique is an ETT securement technique in ICUs for
orally intubated patients.
Recommendations: It is recommended to use this method, with development of strategies to
prevent slippage aiming at increasing patient safety after securement technique intervention.
ª 2014 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier
B.V. All rights reserved.Introduction
Airway control has been described since 3600 BC, when tra-
cheostomy was used by the Egyptians. Modern interventions
include the introduction of endotracheal tubes (ETTs) for
anesthesia by MacEwan in 1880 but the ﬁrst clinical use of
endotracheal intubation for airway control was advanced by
Jackson in 1907 [1]. Invasive ventilation is a common practice
in intensive care units (ICUs) for patients with serious breath-
ing difﬁculties [2]. Ventilation is achieved through the insertion
of an endotracheal tube into the trachea via the mouth or nose
and attaching this tube to a ventilator [3].
It is vitally important that the position of the ETT remains
stable for several reasons: (1) to ensure optimal ventilation and
constant supply of oxygen, and (2) ETT movement within the
trachea may cause local trauma, which is a signiﬁcant source
of discomfort for the patient [4–6] added several clinical con-
cerns with respect to patient safety when attempting to achieve
a stable ETT. These include: (1) preventing slippage of the
ETT and unplanned extubation; (2) maintaining alignment
of the ETT within the trachea, and (3) maintaining skin integ-
rity of the face and neck with adequate levels of venous return
from the head through the jugular veins.
The optimal position of the ETT measured ﬁberoptically is
between 2.5 and 4 cm2 above the carina [7]. Therefore, for
most patients, the ETT position on chest X-ray should be
checked before the ETT stabilization method is changed to
ensure the ETT is in the optimal position [8]. It is also a
common practice to mark this position on the ETT (depending
on the stabilization method) and to document this in the
patient’s notes and/or ﬂow chart [9].
Once a patient is intubated, maintenance of the ETT place-
ment is essential and becomes the responsibility of nursing and
respiratory care professionals [10]. When the ETT is not
secured effectively, even basic nursing management such as
changing the patient’s position or suctioning can cause tube
slippage which is a major factor in causing airway trauma
[11]. Other complications associated with ETT stabilizationinclude increased external jugular venous pressure (EJVP),
facial skin and mucosal breakdown which can cause patient
discomfort and disﬁgurement [12].
Slippage is the degree of movement of the endotracheal
tube within the method of stabilization. The ETT securing
should be renewed if the ETT is able to migrate/move more
than 1 cm2 and re-intubated if move more than 2 cm2 [8].
With every re-intubated attempt, there is a potential risk of
causing trauma to the mouth, pharynx, vocal cords and
trachea of the patient. The ETT slippage consequences to
the patient’s airway can include pain and discomfort to the
patient, inadequate ventilation and damage of the patient’s
trachea [13,14].
Slippage and self-extubation of the intubated patient have
been consistently cited as a potentially life-threatening event.
It can precipitate critical respiratory complications, not limited
to bronchospasm and airway trauma. Additional adverse
sequelae associated with unplanned extubation can include
respiratory and cardiac arrest, tracheal injury, malposition,
cuff leak, facial and oral soft tissue injury [15,4,16].
Most of the ETT stabilization methods require the tapes or
ties to go around the upper part of neck that may affect venous
blood ﬂow from head and increased external jugular venous
pressure (EJVP), with a possible impact on intracranial pres-
sure [17]. The jugular vein lies between the two heads of the
sternocleidomastoid. They can be brought out by gently resist-
ing head turning. The EJVP is most commonly elevated with a
raised venous pressure due to cardiac failure, hypervolemia or
with the presence of external mechanical pressure [18]. The
normal EJVP is 1–3 cm2 above the sternal angle and added
5 cm2 to this value which is the distance estimate of sternal
angle to right atrium. Therefore, when the corresponding to
a right atrial pressure becomes more than 8 cm2 is suggestive
of raised right atrial ﬁlling pressure [19].
Various techniques have been employed by intensive care
nurses to ensure ETT stabilization in order to maintain a
patent airway and prevent or minimize complications. The
optimal stabilization method should not only be secured but
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ations in ETT stabilization include ease of use, cost and time
effectiveness with patient comfort [11]. Stabilization techniques
may include the use of cotton, Adhesive or Twill tapes and dif-
ferent methods of tying tape, and/or the use of a commercial
tube holder [9].
Fixation of the ETT has long been a concern particularly
when the patient needs to be intubated for a long period
[15]. The American Heart Association [21] advanced cardiac
life support guidelines recommend the use of either tape or
commercial devices to secure ETT in place. The effective
method of endotracheal tube stabilization, in patient which
would reduce the rate of accidental extubation, requires
infrequent restabilization to maintain ETT stability and would
reduce ETT slippage [6].
Endotracheal tube securing is a common nursing practice in
ICUs. It is remarkable that there is a vast amount of research
studies conducted on the methods of ﬁxing ETT in the venti-
lated patient, but unfortunately none of the studies were able
to conclusively demonstrate the superiority of one particular
ﬁxing method. The identiﬁcation of superior method should
minimize the complications associated with ETT stabilization.
Nurses should be able to utilize newer evidence-based tech-
niques to ensure better patient safety and comfort [22,23].Signiﬁcance of the study
Endotracheal tube securement is a daily and vital part of the
nursing practice in ICUs. A myriad of methods that are
designed to secure the ETT vary from straps of tape or cotton
string, to mechanical devices with integrated securing mecha-
nisms. All of these methods and techniques have similar goals
which keep the artiﬁcial airway secure with patient safety by
maintaining an intact airway and minimize the chance of
ETT slippage and unplanned extubation. The most effective
method of ETT securement must include certain key elements
to be successful that provide maximum stability against inad-
vertent movement, it should provide a resistance to oral secre-
tions without becoming loose, hold the ETT securely without
slippage also the method should be easy to manipulate and
easily applied with relatively little time involvement. None of
these methods have been compared and evaluated with regard
to which is the ideal way of securing the ETT.
Alternatively, extended pressure from securing the ETT on
the surrounding tissue can lead to skin and mucosal damage.
This is a direct result of the securing method causing pressure
points decreasing local tissue perfusion. Moreover, the process
of securing technique can be distressful and affect patient sat-
isfaction. The intensive care units in Egypt had an unaccept-
able increase in the number of accidental extubation and
variability in practice associated with unresolvable differences
of opinion about the best way to secure ETT. These problems
precipitated a review of the literature surrounding this clinical
issue. The researchers found that there was no single accept-
able standard for ETT stabilization described in the literature.
Ambiguity exists in determining which method of ETT secur-
ing is the most effective. This led them to plan a study to
resolve the issue to meet their local need, therefore, the pur-
pose of this study was to compare the effects of three endotra-
cheal tube securement techniques (Twill, Adhesive and Simple
bow), on endotracheal tube slippage, external jugular venouspressure measurement, oral mucosa and facial skin integrity,
pain intensity and as well the effect on patient satisfaction after
the ﬁxation method.
Aim of the study
This study was aimed at comparing the effectiveness of three
endotracheal tube securement techniques (Twill, Adhesive,
and Simple bow), on endotracheal tube slippage, external
jugular venous pressure measurement, oral mucosa and facial
skin integrity, pain intensity and patient satisfaction after the
ﬁxation method.
Research hypothesis
The researchers have assumed that the Twill securement tech-
nique after the ﬁxation method will:
1- Cause less than 1 cm2 of endotracheal tube slippage
compared to Adhesive and Simple bow securement
techniques.
2- Cause normal measurement of external jugular venous
pressure compared to Adhesive and Simple bow secure-
ment techniques.
3- Cause less breakdown of oral mucosa and facial skin
integrity compared to Adhesive and Simple bow secure-
ment techniques.
4- Cause less pain intensity in patients compared to Adhe-
sive and Simple bow securement techniques.
5- Lead to more patient satisfaction compared to Adhesive
and Simple bow securement techniques.Subjects and methods
Research design
A randomized clinical trial design was used in the conduction
of this study.
Setting
The study was conducted at intensive care units at Ain Shams
University Specialized Hospital.
Subjects
Ninety conscious critically ill patients were recruited for this
study. The inclusion criteria were being intubated for at least
48 h, and connected to mechanical ventilator; on pressure
control mode with positive end expiratory pressure
(PEEP) 6 10 cm2 H2O, as the plateau pressure for inspiration
was set <35 H2O, a core temperature below 38 C with
normal jugular venous pressure measurements. Their age
ranged from 20 to 85 years with stable condition prior to
enrollment.
Exclusion criteria were patients with tracheostomy or naso-
tracheal intubation, heart failure, hypervolemia, pulmonary
hypertension or cardiac tamponade, had evidence of oral
mucosa or facial skin breakdown before study enrollment,
had evidence of an oral infectious process (i.e., either
186 H.M. Mohammed, M.S. Hassandocumented in the chart or observed by the investigator), had
an existing neck injury, protruding upper teeth, without teeth
or is unable to wear upper dentures, had clinically signiﬁcant
skin disease on the application site including psoriasis, eczema,
atopic dermatitis, active cancer; also had damaged skin or con-
ditions on the application sites which includes scares, moles or
other disﬁguration of the test site, had known or stated allergy
to adhesive tapes, uses of topical drugs on the application site
or has been previously intubated with skin irritation or pres-
sure sores surrounding the mouth.
After application of the inclusion and exclusion criteria, the
consecutive (90) patients were randomly allocated to the three
equal groups: Twill, Adhesive and Simple bow groups, 30
subjects for each. They were similar in their basic personal
characteristics. The mean ages of subjects in the (Twill, Adhe-
sive and Simple bow) groups were 53.5 ± 7.7, 53.8 ± 7.4 and
54.6 ± 7.5, respectively. The gender distribution was almost
equal between males and females, with slightly higher prepon-
derance of males in the Twill and Adhesive groups than Simple
bow group; 52%, 54% and 42%, respectively, with no
statistically signiﬁcant differences. In the three groups, 70%
of the patients had COPD.
Tools
The tools used for data collection included the following:
 Demographic and clinical data sheet: An assessment sheet
was designed by the researchers to collect data regarding
age, sex, and medical diagnosis. It also served to record
the mechanical ventilation data related to days of intuba-
tion on mechanical ventilator, tidal volume, O2 percentage
and peak airway pressure. This tool was ﬁlled in once by
the researchers.
 Endotracheal tube (ETT) slippage scale: According to
Birkett and Southerland [8], slippage was deﬁned as the
degree of migration/movement of endotracheal tube. The
scale is designed for measurement of ETT movement from
the point of ﬁxation (cm2). It was adopted from Santhosh
et al. [24]. It classiﬁes ETT slippage into four categories
according to change in movement: No Slippage
(<0.5 cm2 = no risk for accidental extubation), Mild Slip-
page (0.5 6 1 cm2 = mild risk for accidental extubation),
Moderate Slippage (1 6 2 cm2 = moderate risk for acciden-
tal extubation) and severe slippage (2 6 5 cm2 = high risk
for accidental extubation). It was ﬁlled in by the researchers
at 15, 30, 60 and at 120 min post ﬁxation method.
 External jugular venous pressure (EJVP) measurement
scale: John et al. [19] clariﬁed that bulging of external jug-
ular vein is known as jugular vein distention as a result of
cardiopulmonary diseases or mechanical compression. The
scale is designed for the measurement of the pressure
exerted on external jugular vein. It was adopted from
Madhur et al. [16]. Based on EJVP scale, it is classiﬁed as
follows: Normal EJVP (6–8 cm2), High EJVP (>8 cm2)
and Low EJVP (<6 cm2). It was ﬁlled in by the researchers
at 15, 30, 60 and at 120 min post ﬁxation method.
 Oral assessment guide (OAG) scale: According to Anne
et al. [25], oral assessment addresses the impact of ETT
securement type on the outcome of oral mucosa. It isdesigned to assess the condition of oral cavity. It was
adopted from Harris [26]. The tool is scored as 1, 2 or 3;
where:
- Score 1 for normal ﬁndings (pink and moist) = healthy
oral mucosa.
- Score 2 for moderate abnormality without compromise
of either mucosal integrity or loss of function (dry,
reddened or cracked) = moderate oral mucositis.
- Score 3 for severe abnormality with compromise of
either mucosal integrity or loss of function (ulcerated
or bleeding) = severe oral mucositis.
It was ﬁlled in by the researchers at 2, 6, 12 and at 24 h post
ﬁxation method.
 Facial skin integrity score tool: It is designed to assess the
presence of skin reactions such as dryness, erythema or
breakdown. It was adopted from Kupas et al. [27]. For
facial skin integrity, it is classiﬁed into 3 categories accord-
ing to skin condition as follows: For dryness; Score
1 = normal and no sign of dry skin, Score 2 = dry skin
and visible scaling, and Score 3 = very dry skin, cracking/
ﬁssures. For erythema; Score 1 = no evidence of erythema,
Score 2 = visible erythema (<50% of face surface) and
Score 3 = visible erythema (P50% of face surface). For
breakdown; Score 1 = no evidence, Score 2 = small local-
ized area and Score 3 = extensive.
 The three subscale scores of the tool are summed to obtain
an overall assessment score that ranging from 3 to 9. The
total assessment score was categorized as follows:
- If an overall assessment score is 3 or less than 4 = healthy
skin condition.
- If an overall assessment score ranges from 4 to 6 = moder-
ate skin reaction.
- If an overall assessment score ranges from 7 to 9 = severe
skin reaction. The scale was ﬁlled in by the researchers at 2,
6, 12 and at 24 h post ﬁxation method.
 The time proﬁle of ETT ﬁxation method sheet: An assess-
ment sheet was designed by the researchers to record the
time taken for application and removal of ﬁxation devices
at a table divided into seconds.
 Pain intensity numeric scale: It was designed to assess pain
intensity. It was adopted from Puntillo et al. [28]. The scale
determines the level of pain intensity ranging from no pain
(scored = 0), to worst (scored = 10). It was ﬁlled in by the
patient three times at 5, 10 and 20 min of using the method
of ﬁxation.
 Patient satisfaction procedure scale: It was designed to
assess patient satisfaction regarding the type of securing
method used. A 12-item short form of the patient satisfac-
tion questionnaire (PSQ) was developed by Puntillo et al.
[28]. The patients had to respond to the questions about
both positive and negative aspects of the procedure on a
3-point scale: ‘‘yes a lot’’, ‘‘yes a little’’, and ‘‘no.’’ These
were respectively scored 3, 2, and 1. The higher scores indi-
cate greater satisfaction with the procedure (60% or more),
and the lower scores (less than 60%) indicate dissatisfaction
with the procedure. The scale was ﬁlled in by the researchers
once after using the ﬁxation method.
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It was ascertained by a group of 10 experts including Medical-
Surgical Nursing, Critical Care Nursing and ICU experts.
Their opinions were elicited regarding the tools format layout,
consistency, and scoring system. The content validity of the
tools was tested regarding knowledge accuracy, relevance
and comprehensiveness.
Ethical considerations and human rights
The ethical research considerations in this study included the
following:
- The research approval was obtained from Ain Shams
University Specialized Hospital authorities and verbal
consent was then obtained from the director of hospital
and head nurse.
- The objectives and the aim of the study were cleared to all
patients, who were informed about each procedure, and
their rights according to medical research ethics, that they
were free to decide whether or not they would participate
in the study without any effect on their care.
- Then, an informed consent was obtained from each patient
who agreed to participate.
- The researchers maintain on anonymity and conﬁdentiality
of the patients.
Pilot study
A pilot study was carried out on 10% of patients to test the
clarity and practicality of the tools. Subjects who participated
in the pilot study were included in the main study sample, as
no radical modiﬁcations were done.
Procedures
The collection of data lasted for a period of three months,
starting from beginning of June to end of August 2013. Data
were collected three days a week from 9.00 am to 10.00 pm.
Patients were recruited and assigned to the three study
groups; Twill, Adhesive and Simple bow. Demographic and
clinical data sheets were ﬁlled in by the researchers, and took
from 15 to 20 min for each patient. The study maneuvers were
applied according to the group:
 Twill group: While one of the researchers holds the ETT in
place, another researcher removes the old tape from around
the patient’s ETT. Two nurses must always be present to
change the method of securing the endotracheal tube, one
nurse changes the tapes while the other holds the ETT in
position [13]. Place the C-sponge around the patient’s
mouth before tying the Twill tape (C-sponge is C-shaped
foam piece that ﬁts around the patient’s mouth and lips
to provide pressure relief from Twill tape). The used
12 mm width cotton tape took the shape (T) and was folded
in half and looped around the ETT and avoided securing
the pilot balloon to ETT. The ends were brought through
this loop and then tightened by pulling the ends. The one
was passed around the patient’s head, above one ear, while
the other end passed above the other ear. The two ends weretied on the cheek. This was repeated with a second piece of
(T) so that two ties secured the ETT. The tape should hold
the ETT securely without putting pressure on the skin (i.e.,
should be able to easily place one ﬁnger between ties and
the skin of the cheek). According to Santhosh et al. [24],
there is a recommendation to ensure one ﬁnger can be
inserted between skin and cotton tape and this should be
applied with caution. C-sponge was changed with each
mouth moistened and oral hygiene.
 Adhesive group: The researchers clean the patient’s skin and
shave if necessary. According to Khorasani and Bird [29],
the use of adhesive tape/devices should be avoided in males
with beards. They cut two strips of one tape; one approxi-
mately (90 cm2) and the other (30 cm2) long. Center the
shorter strip on the top of the longer strip, sticky sides
together. This prevents hair at the nape of the neck from
sticking to tape. Fold sticky ends over and clip approxi-
mately (1 cm2). Place tongue depressors on distal ends of
tape and fold over. The tongue depressors serve as a guide
as tape is passed behind patient’s neck [27]. Then, they
apply skin preparation with tincture benzocaine to all con-
tact surfaces. After drying and formation of a ﬁrm grip, the
adhesive tape was encircled around the tube and was ﬁxed
to the maxilla above the upper lip and down the lower lip
portion.
 Simple bow group: The researchers cut a length of cotton
tape (the length between outstretched arms is a good guide)
and pass behind the patient’s neck, even up the tape on each
end and can use Magills forceps to grape one end of the
tape and pass it behind the neck. They tied knot between
the patient’s chin and lower lip, the knot sits just below
ETT. They tie four knots, one on top of the other to create
a short pole of knots. This stops the ETT from being pulled
down across the lower lip when tighten everything up [20].
To capture the tube, the researchers tie another knot above
the tube taking care not to get the cuff tubing inside the
knot and tied two half-hitch knots around the tube.
According to Levy and Griego [13], this is to increase the
surface area of tape against the ETT so it is less likely to
slide through. To tie the half-hitch knot, they take one
end of the tape, hold it a few centimeters from the ETT
and with the other hand pass it around the ETT and then
back through the loop being sure to snug it all up nice
and ﬁrm, then repeat for the other side. These two half-
hitch knots will tend to slip loose to lock them in with yet
another knot. The researchers secured the tape to the center
of the patient’s forehead through wiping some Tincture
Benzoin on the forehead to increase adhesion. Then they
place adhesive tape after skin of forehead is dry. The
remaining end of the tape passes up beside the nose and the
researchers use another piece of adhesive tape over
the one placed on the forehead to secure this end of the tape.
Each ETT ﬁxation method was renewed after 24 h for each
patient in the three study groups. Oral hygiene was performed
every 12 h and oral moistening was performed every 2 h based
on policy of ICUs. According to Santhosh et al. [24], ETT
securing method should be renewed at least once every 24 h
to prevent sustained pressure on a single point.
Time taken for application of ETT ﬁxation method was
calculated from the time ﬁxation of ETT was started to the
time it was stably ﬁxed (in seconds). As well, time taken for
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starting of removal ﬁxation from ETT to the time of complete
removal of the ﬁxation method (in seconds), using a hand
watch with seconds. The same watch was used for all the
patients in the three techniques to avoid errors in time
measurement.
A scale was used to measure the degree of ETT slippage
within the method of ﬁxation. The measurement was done
with a ruler scale in cm2. Movement of ETT was recorded
and compared with relative to incisor teeth (point of ﬁxation).
For measurement of external jugular venous pressure
(EJVP); the researchers locate external jugular vein pulsation
through lying the patient at 45 degree angle which is a stan-
dard for maximum presentation of pulsations. Once the pulsa-
tions have been identiﬁed, a horizontal straight edge is held at
this location. Then, the sternal angle, which is bony and ridgy
approximately 2 inches below the anterior portion of the ster-
num, must be located. After a metric ruler is held vertically at
this point, the vertical ‘‘sternal angle to top of jugular pulsa-
tions’’ distance should be estimated in centimeters. This value
is then added to 5 cm2 since right atrium is 5 cm2 below the
sternal angle [16]. Thus, the normal range of EJVP equals
the following formula: 1–3 cm2 by ruler measurement above
the sternal angle + 5 cm2 below the sternal angle, the position
of right atrium = 6–8 cm2, [19].
Both ETT slippage and EJVP are measured at 15, 30, 60
and 120 min post ﬁxation method. Oral mucosa and facial skin
integrity assessment was done for all patients in the three study
groups at 2, 6, 12, and at 24h post ﬁxation method. A pen
torch was used during assessment for more visualization of
oral cavity and skin face.
Statistical analysis
Data entry was done using Epi-Info 6.4 computer software
package, while statistical analysis was done using the
Statistical Package for Social Science (SPSS) version11. Data
were presented using descriptive statistics in the form of
frequencies and percentages for qualitative variables, and
means and standard deviations for quantitative variables.Table 1 Description of mechanical ventilation parameters in the th
Mechanical ventilation parameters Group
Twill Adhesive
Mean ± SD Mean ±
Days on mechanical ventilator
Range 3.0–12.0 2.0–14.0
Mean ± SD 5.8 ± 3.1 5.2 ± 3.4
Tidal volume (mL)
Range 350.0–800.0 300.0–70
Mean ± SD 60.1 ± 100.8 76.0 ± 9
O2 percentage
Range 29.0–60.0 29.0–70.0
Mean ± SD 35.0 ± 5.9 37.0 ± 1
Peak airway pressure
Range 24.0–46.0 20.0–55.0
Mean ± SD 36.9 ± 6.2 34.1 ± 9
*Statistically signiﬁcant at p< 0.05.Quantitative continuous data were compared using ANOVA
test for comparisons among more than two groups. When nor-
mal distribution of the data could not be assumed, the non-
parametric Kruskal–Wallis test was used instead. Qualitative
variables were compared using chi-square test. Statistical sig-
niﬁcance was considered at p-value < 0.05.
Results
Comparison of the number of the days intubated on mechan-
ical ventilator, tidal volume, O2 percentage and peak airway
pressure in the three study groups revealed no statistically sig-
niﬁcant differences as shown in Table 1.
Table 2 compares endotracheal tube (ETT) slippage among
patients in the three study groups. As the table shows, no sta-
tistically signiﬁcant differences were revealed among the three
study groups at 15, 30 and 60 min. However at 120 min, 73%
of patients in the Twill group had no slippage compared to
Simple bow 50% and 36% in Adhesive groups. It was also
noticed that no one of patients in the Twill group had severe
slippage compared to Simple bow and Adhesive groups
(10% and 27%, respectively), and the difference was statisti-
cally signiﬁcant (P= 0.02).
A comparison of external jugular venous pressure (EJVP)
measurement among patients in the three study groups is
presented in Table 3. As the table shows it can be noticed that
the three groups were similar at 15 min post ﬁxation method
with no statistically signiﬁcant difference. However, at
30 min post ﬁxation method 90% of patients in the Twill
group had normal EJVP measurement compared to Simple
bow and Adhesive groups (70% and 57%, respectively), with
a statistically signiﬁcant difference between the three groups.
At 60 min, only 10% of patients in the Twill group had high
EJVP compared to Simple bow (37%) and Adhesive groups
(47%) with a statistically signiﬁcant difference among them.
As well, a statistically signiﬁcant difference was revealed
among the three groups at 120 min post ﬁxation method
(P= 0.001). It is evident that most patients in the Twill group
(97%) had normal EJVP measurement, compared to the
Adhesive (60%) and Simple bow (57%) groups.ree study groups.
Kruskal–Wallis test P-Value
Simple bow
SD Mean ± SD
3.0–13.0 0.26 0.76
5.4 ± 3.2
0.0 300–600 0.19 0.81
5.3 69.2 ± 97.1
30.0–60.0 0.42 0.65
0.8 36.0 ± 7.8
22.0–50.0 0.88 0.41
.1 35.4 ± 8.9
Table 2 Comparison of endotracheal tube (ETT) slippage among patients in the three study groups throughout study period.
Items Group X2 p-Value
Twill (n= 30) Adhesive (n= 30) Simple bow (n= 30)
No. % No. % No. %
(ETT) slippage* at 15 min
None (<0.5 cm2) 27 90.0 30 100.0 29 97.0 3.66 0.16
Mild (0.5 6 1 cm2) 3 10.0 0 0 1 3.0
Moderate (1 6 2 cm2) 0 0.0 0 0 0 0.0
Severe (2 6 5 cm2) 0 0.0 0 0 0 0.0
(ETT) slippage* at 30 min
None (<0.5 cm2) 26 87.0 28 93.0 27 90.0 1.36 0.85
Mild (0.5 6 1 cm2) 3 10.0 2 7.0 2 7.0
Moderate (1 6 2 cm2) 1 3.0 0 0.0 1 3.0
Severe (2 6 5 cm2) 0 0.0 0 0.0 0 0.0
(ETT) slippage* at 60 min
None (<0.5 cm2) 24 80.0 20 67.0 23 77.0 4.26 0.64
Mild (0.5 6 1 cm2) 5 17.0 7 23.0 4 13.0
Moderate (1 6 2 cm2) 1 3.0 2 7.0 3 10.0
Severe (2 6 5 cm2) 0 0.0 1 3.0 0 0.0
(ETT) slippage* at 120 min
None (<0.5 cm2) 22 73.0 11 36.0 15 50.0 14.39 0.02*
Mild (0.5 6 1 cm2) 6 20.0 9 30.0 8 27.0
Moderate (1 6 2 cm2) 2 7.0 2 7.0 4 13.0
Severe (2 6 5 cm2) 0 0.0 8 27.0 3 10.0
* Statistically signiﬁcant at p< 0.05.
Table 3 Comparison of external jugular venous pressure (EJVP) measurement among patients in the three study groups throughout
study period.
Items Group X2 p-Value
Twill (n= 30) Adhesive (n= 30) Simple bow (n= 30)
No. % No. % No. %
EJVP measurement* at 15 min
Normal (6–8 cm2) 24 80.0 18 60.0 20 67.0 4.65 0.32
High (more than 8 cm2) 4 13.0 11 37.0 9 30.0
Low (less than 6 cm2) 2 7.0 1 3.0 1 3.0
EJVP measurement* at 30 min
Normal (6–8 cm2) 27 90.0 17 57.0 21 70.0 11.25 0.02*
High (more than 8 cm2) 2 7.0 13 43.0 8 27.0
Low (less than 6 cm2) 1 3.0 0 0.0 1 3.0
EJVP measurement* at 60 min
Normal (6–8 cm2) 27 90.0 16 53.0 19 63.0 6.21 0.04*
High (more than 8 cm2) 3 10.0 14 47.0 11 37.0
Low (less than 6 cm2) 0 0.0 0 0.0 0 0.0
EJVP measurement* at 120 min
Normal (6–8 cm2) 29 97.0 18 60.0 17 57.0 14.39 0.001*
High (more than 8 cm2) 1 3.0 12 40.0 13 43.0
Low (less than 6 cm2) 0 0.0 0 0.0 0 0.0
* Statistically signiﬁcant at p< 0.05.
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mucosa among patients in the three study groups is
displayed in Table 4. It can be noticed that the three
groups were similar at 2, 6, and at 12 h post ﬁxation
method, with no statistically signiﬁcant differences. However,at 24 h post ﬁxation method, 80% of patients in the Twill
group had healthy oral mucosa compared to Simple bow
and Adhesive groups (47% and 37%, respectively) with a
statistically signiﬁcant difference between the three groups
(P= 0.07).
Table 4 Comparison of oral assessment guide (OAG) for oral mucosa among patients in the three study groups throughout study
period.
Items Group X2 p-Value
Twill (n= 30) Adhesive (n= 30) Simple bow (n= 30)
No. % No. % No. %
Oral mucosal assessment* at 2 h
Healthy oral mucosa (OAG= 1) 28 93.0 23 87.0 29 97.0 2.16 0.33
Moderate oral mucositis (OAG= 2) 2 7.0 4 13.0 1 3.0
Severe oral mucositis (OAG= 3) 0 0.0 0 0.0 0 0.0
Oral mucosal assessment* at 6 h
Healthy oral mucosa (OAG= 1) 26 87.0 25 83.0 27 90.0 0.57 0.74
Moderate oral mucositis (OAG= 2) 4 13.0 5 17.0 3 10.0
Severe oral mucositis (OAG= 3) 0 0.0 0 0.0 0 0.0
Oral mucosal assessment* at 12 h
Healthy oral mucosa (OAG= 1) 24 80.0 15 50.0 18 60.0 6.81 0.14
Moderate oral mucositis (OAG= 2) 6 20.0 13 43.0 11 37.0
Severe oral mucositis (OAG= 3) 0 0.0 2 7.0 1 3.0
Oral mucosal assessment* at 24 h
Healthy oral mucosa (OAG= 1) 24 80.0 11 37.0 14 47.0 14.09 0.07*
Moderate oral mucositis (OAG= 2) 6 20.0 16 53.0 15 50.0
Severe oral mucositis (OAG= 3) 0 0.0 3 10.0 1 3.0
* Statistically signiﬁcant at p< 0.05.
Table 5 Comparison of facial skin integrity among patients in the three study groups throughout study period.
Items Group X2 p-Value
Twill (n= 30) Adhesive (n= 30) Simple bow (n= 30)
No. % No. % No. %
Facial skin integrity assessment* at 2 h
Healthy skin condition (score = 3) 26 87.0 23 77.0 24 80.0 2.69 0.61
Moderate skin reaction (score = 4–6) 4 13.0 6 20.0 6 20.0
Severe skin reaction (score = 7–9) 0 0.0 1 3.0 0 0.0
Facial skin integrity assessment* at 6 h
Healthy skin condition (score = 3) 26 87.0 15 50.0 22 73.0 11.83 0.01*
Moderate skin reaction (score = 4–6) 4 13.0 13 43.0 8 27.0
Severe skin reaction (score = 7–9) 0 0.0 2 7.0 0 0.0
Facial skin integrity assessment* at 12 h
Healthy skin condition (score = 3) 24 80.0 13 43.0 20 67.0 10.14 0.04*
Moderate skin reaction (score = 4–6) 6 20.0 14 47.0 9 30.0
Severe skin reaction (score = 7–9) 0 0.0 3 10.0 1 3.0
Facial skin integrity assessment* at 24 h
Healthy skin condition (score = 3) 22 74.0 11 37.0 18 60.0 10.83 0.02*
Moderate skin reaction (score = 4–6) 8 26.0 14 46.0 10 33.0
Severe skin reaction (score = 7–9) 0 0.0 5 17.0 2 7.0
* Statistically signiﬁcant at p< 0.05.
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three study groups. As the table shows, there was no statisti-
cally signiﬁcant difference among the three groups at 2 h post
ﬁxation method. At 6 h, no one of patients in the Twill and
Simple bow groups had severe facial skin reaction compared
to patients in Adhesive group (7%) and the difference was
statistically signiﬁcant, (P= 0.01). As well, statistically signif-
icant differences were revealed among the three groups, at 12
and 24 h post ﬁxation method, (P= 0.04 and 0.02, respec-tively). At 12 h, no one of patients in the Twill group had
severe facial skin reaction compared to Simple bow and Adhe-
sive groups (3% and 10%, respectively). It was also noticed
that 74% of patients in the Twill group had healthy facial skin
condition compared to Simple bow and Adhesive groups (60%
and 37%, respectively) at 24 h post ﬁxation method.
Figs. 1 and 2 summarize the mean scores of ETT slippage
and EJVP measurement respectively in the three study groups,
at 15, 30, 60 and 120 min post ﬁxation method.
Figure 1 Mean scores of ETT slippage scale among patients in the three study groups throughout study periods.
Figure 2 Mean scores of EJVP measurement scale among patients in the three study groups throughout study periods.
Effectiveness of three endotracheal tube securement techniques 191When the mean scores of ETT slippage were compared
between the three study groups, the difference was statistically
signiﬁcant only at 120 min post ﬁxation method (P= 0.01) as
shown in Fig. 1. It is noticed that the peak mean of ETT slip-
page was for the Adhesive group (1.38 ± 1.23) compared with
Simple bow and Twill groups (1.06 ± 1.11 and 0.45 ± 0.41,
respectively).
For EJVP measurement scale, Fig. 2 demonstrates that the
means were lower in the Twill group throughout study phases
compared to other groups with statistically signiﬁcant differ-
ences at 30, 60 and 120 min post ﬁxation method. On the other
hand, the increasing trend continued in the Adhesive group till
120 min post ﬁxation method.
The mean scores of (OAG) for oral mucosa were compared
between the three groups in Fig. 3 and the difference was
statistically signiﬁcant only at 24 h (P= 0.01). It shows that
there is an apparent decrease in mean scores of the Twill groupwith an increase in the peak means in the Adhesive group
throughout the study phases.
For facial skin integrity scale, Fig. 4 demonstrates that the
means of skin reaction for facial skin integrity were lower in
the Twill group throughout study phases with statistically
signiﬁcant differences at 6, 12 and 24 h post ﬁxation method.
On the other hand, the increasing trend continued in the Adhe-
sive group till 24 h post ﬁxation method.
Concerning time proﬁle at application and removal of ETT
ﬁxation method among patients in the three study groups,
Table 6 points to statistically signiﬁcant differences in the
two parameters, (P< 0.001 for each). It is obvious that the
Simple bow group had a longer time taken for application of
ﬁxation method (140.3 ± 0.7 s), with more time taken for
removal (40.1 ± 0.6 s) compared to the other groups. As
for time taken for application of ﬁxation methods, Twill
and Adhesive groups had 120.2 ± 0.2 s and 122.4 ± 0.1 s,
Figure 3 Mean scores of OAG score for oral mucosa among patients in the three study groups throughout study periods.
Figure 4 Mean scores of facial skin integrity among patients in the three study groups throughout study periods.
Table 6 Comparison of time proﬁle at application and removal of ETT ﬁxation method among patients in the three study groups.
Items Mean ± SD Kruskal–Wallis test p-Value
Twill (n= 30) Adhesive (n= 30) Simple bow (n= 30)
Time taken for application (s) 120.2 ± 0.2 122.4 ± 0.1 140.3 ± 0.7 202.5 <0.001*
Time taken for removal (s) 20.7 ± 0.1 31.9 ± 0.2 40.1 ± 0.6 208.1 <0.001*
* Statistically signiﬁcant at p< 0.05.
192 H.M. Mohammed, M.S. Hassanrespectively. As for time taken for removal of ﬁxation method,
Twill and Adhesive groups had 20.7 ± 0.1 and 31.9 ± 0.2 s,
respectively.
Table 7 presents the scores of pain intensity post ETT ﬁxa-
tion method among patients in the three study groups. It isobvious that patients in the Twill group had the lowest scores
of pain at all three assessment times (5, 10 and 20 min),
whereas those in the Adhesive group had the highest
scores. All these differences were statistically signiﬁcant
(P< 0.001).
Table 7 Comparison of pain intensity post ETT ﬁxation method among patients in the three study groups.
Items Mean ± SD Kruskal–Wallis test p-Value
Twill (n= 30) Adhesive (n= 30) Simple bow (n= 30)
Pain
5 min 4.5 ± 1.2 7.9 ± 1.0 6.2 ± 1.1 71.2 <0.001*
10 min 2.1 ± 0.9 4.9 ± 0.5 3.2 ± 0.7 115.5 <0.001*
20 min 0.5 ± 0.8 2.4 ± 0.7 1.9 ± 0.8 49.3 <0.001*
* Statistically signiﬁcant at p< 0.05.
Table 8 Comparison of satisfaction with the procedure among patients in the three study groups.
Items Group X2 p-Value
Twill (n= 30) Adhesive (n= 30) Simple bow (n= 30)
No. % No. % No. %
Total
Satisﬁed 24 80.0 11 37.0 17 57.0 11.57 0.003*
Dissatisﬁed 6 20.0 19 63.0 13 43.0
* Statistically signiﬁcant at p< 0.05.
Effectiveness of three endotracheal tube securement techniques 193As regards patients’ satisfaction with the procedure, Table 8
demonstrates a statistically signiﬁcant difference among the
three study groups, (P= 0.003). It was noticed that the high-
est percentage of patient satisfaction was in the Twill group,
while it was the lowest in the Adhesive group. Overall, 80%
of patients in the Twill group were satisﬁed, compared to
57% in the Simple bow group, and 37% only in the Adhesive
group.Discussion
Endotracheal tube securing is an extremely important aspect
of modern intensive care management since it is required to
provide mechanical ventilation and access to the airway of pul-
monary toilet [22]. Conducting research on endotracheal tube
securing methods would help nurses enhancing knowledge and
skills relating to proper patient care and proper use of different
securing methods. Nurses would then be able to ensure better
patient safety and comfort [30].
The aim of this study was to compare the effectiveness of
three endotracheal tube securement techniques (Twill, Adhe-
sive, and Simple bow) on endotracheal tube slippage, external
jugular venous pressure measurement, oral mucosa and facial
skin integrity, pain intensity and patient satisfaction after the
ﬁxation method. It was hypothesized that the Twill securement
technique after the ﬁxation method will cause less than 1 cm2
of endotracheal tube slippage, normal external jugular venous
pressure measurement, less breakdown of oral mucosa and
facial skin integrity, less pain intensity with more patient satis-
faction compared to Adhesive and Simple bow securement
techniques.
The three study groups were homogenous in respect to their
age, sex, medical diagnosis and all mechanical ventilation
parameters. This similarity in the three groups was necessary
to obviate any undesirable confounding effect of these vari-
ables on the outcome of the study and it was important toensure comparability and successful randomization of the
three groups.
Concerning endotracheal tube (ETT) slippage among
patients in the three study groups, the current study result
revealed that around three-fourth of the patients in the Twill
group had no slippage at 120 min post ﬁxation method com-
pared to half of patients in Simple bow and slightly more than
one third of patients in Adhesive groups. This was statistically
signiﬁcantly higher than the other groups. Moreover, one tenth
of patients in the Simple bow and more than one fourth in the
Adhesive groups had severe slippage (i.e., high risk for acci-
dental extubation) compared to no one of patients in the Twill
group and the difference was statistically signiﬁcant.
The previous ﬁndings are in agreement with Khorasani and
Bird [29], who have reported that Twill tape method of stabil-
ization allowed signiﬁcantly less tube movement than the adhe-
sive tape method (P< 0.001). As well, the present study result
is congruent with that of the study carried out by Kamalipour
and Kardan [15], where slippage was less likely in the Simple
bow group and was absent in the Twill group. In a similar
result, Bouza et al. [5] have emphasized that endotracheal tube
slippage is displacement or movement of ETT greater than
1 cm2 from initial tube placement. In their study, Levy and
Griego [13] cleared that endotracheal tubes have traditionally
been secured by placing either adhesive tape or some types
of strap around the ETT ﬁxing it to the patient’s face and tapes
often get wet, slippery and become ineffective with long time of
ﬁxation. Additionally, Schnoor et al. [31] mentioned that slip-
page of the tube in the adhesive tape group could be as a result
of a decrease in the adhesive power of the tape causing more
endotracheal slippage by mean scores of 1.92 ± 1.85 com-
pared to 0.32 ± 0.24 for the Twill group. Furthermore, Kupas
et al. [27] added that the choice of the endotracheal tube ﬁxa-
tion method could result in less than 1 cm2 of proximal tube
displacement.
Conversely, the previous study results are in contradiction
with those of Chang et al. [14] who have reported that the
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page. As well, in disagreement with the foregoing study ﬁnd-
ings, Krinsley and Barone [4] have found that no tubal
slippage was observed in both Adhesive and Simple bow
groups at 2 h from endotracheal tube securement. Meanwhile,
Kaplow and Bookbinder [10] have claimed that both Twill and
Adhesive techniques are equally effective. However, these
authors have also noted a more frequent switch from Adhesive
to Twill tape technique to avoid ETT slippage.
Concerning the external jugular venous pressure (EJVP)
measurement, the present study has revealed that the majority
of the patients in the Twill group had normal EJVP measure-
ment at 30, 60 and 120 min which was statistically signiﬁcantly
different than the other groups. These results are in congru-
ence with Taggart and Lind [32] who demonstrated that a high
pressure of external jugular vein was seen in the Adhesive and
Simple bow groups but absent in the Twill group and the dif-
ferences between the three groups were statistically signiﬁcant.
As well, this ﬁnding is in agreement with Barnson et al. [20]
who reported that pressure on external jugular vein in the
Adhesive and Simple bow groups causes soft tissue edema
and decreases the space for blood ﬂow. In this respect, John
et al. [19] have emphasized that the external jugular vein is
closest to the skin and can sometimes be seen as a rope-like
bulge on the side of the neck as the jugular veins carry blood
from the head to the superior vena cava (the main vein of
the upper body), which empties into the heart.
In a similar study, Anne et al. [25] added that ETT securing
methods which may cause venous occlusion should be avoided
for patients with increased risk for elevated EJVP. Further-
more, John et al. [19] have reported that using Twill tape
technique limits the access to the external jugular veins because
it could not contact neck veins as during the procedure of
passing the tape around the patient’s head above the ears.
In the same line, Rothaug et al. [33] have explained that
mean scores of EJVP measurement were 7.5 ± 1.04 cm2 and
8.9 ± 1.81 cm2 in the Twill and Adhesive groups, respectively
after 2 h of ﬁxation.
Concerning oral mucosal integrity, the current study result
revealed that more than three quarter of patients in the Twill
group had healthy oral mucosa at 24 h after ﬁxation method
compared to less than half of patients in Simple bow and more
than one third of patients in Adhesive groups. This ﬁnding is in
agreement with Krinsley and Barone [4] who found a higher
rate of oral mucositis in the Adhesive group (8%), compared
to the Twill group (1%). In a study carried out by Kupas
et al. [27] they added that application of adhesive tapes may
damage oral cavity and lips of the patient, especially at the
corners, are particularly vulnerable as shift-by-shift assessment
of oral cavity is necessary to identify lesions to ensure timely
interventions. In the same vein, Silva and Fonseca [23] empha-
sized that endotracheal tube ﬁxation with Adhesive or Simple
bow technique methods may allow ETT to be moved to
another position within the oral cavity and causes the develop-
ment of pressure areas within the mouth or on the lips.
In this respect, Kupas et al. [27] explained that the pressure
on the lips created by the unsupported weight of ETT done
with adhesive tape may compromise the microcirculation of
the lips and lead to a pressure area on the oral mucosa.
Furthermore, Rothaug et al. [33] have reported that Twill tape
securement method was more conducive to administration of
oral hygiene for the intubated patients than Simple bow andAdhesive securement methods. Thus, the patients with Twill
tape method had more healthy oral mucosa than the other
groups.
Conversely, these previous study results are in contradic-
tion with those of Coppolo and May [34] who have reported
that adhesive tape securement method associated with fewest
oral mucosal and lip breakdown without hindrance of mouth
care.
Concerning facial skin integrity, the current study ﬁnding
revealed that no one of patients in the Twill and Simple bow
groups had severe facial skin reaction compared to less than
one tenth of patients in the Adhesive group at 6 h post ﬁxation
method. Moreover, a minority of patients in Simple bow and
one tenth in the Adhesive groups had severe facial skin reac-
tion compared to no one in the Twill group at 12 h post ﬁxa-
tion method. As well, the present study revealed that more
than three quarter of the patients in the Twill group had
healthy skin condition at 6, 12 and at 24 h post ﬁxation
method and this was statistically signiﬁcantly different than
the other groups. The foregoing ﬁndings are in line with Yeh
and Lee [22] who found the presence of skin reaction such as
rash and redness at 6 h from ﬁxation of endotracheal tube with
adhesive tape more than the Twill tape technique with a statis-
tically signiﬁcant difference between them. Additionally, Curry
et al. [12] demonstrated that adhesive method may become
problematic with longer time use than Simple bow and Twill
techniques because of excessive skin irritation. In a similar
study, Santhosh et al. [24] explained that application of adhe-
sive tape to the skin around the patient’s head may damage a
patient’s facial and neck skin. In the same vein, Rothaug et al.
[33] have reported that mean scores of skin reaction were
3.80 ± 1.34 and 5.26 ± 1.98 in the Twill and Adhesive tech-
niques, respectively at 12 h post securement methods. In a
recent study, John et al. [19] reported skin damage with adhe-
sive tapes which is in the form of mechanical injuries such as
burning of the skin and allergic blisters.
Concerning time proﬁle at application and removal of the
ETT ﬁxation method, the present study ﬁndings pointed to sta-
tistically signiﬁcant differences among patients in the three
study groups. Patients in the Simple bow group had greater
time taken for application of ﬁxation method. Meanwhile,
patients in the Simple bow had the longest time taken for
removal of ﬁxation method, whereas the Twill technique had
the shortest time taken for application and removal of ﬁxation
method. These foregoing results are in congruence with Clarke
et al. [18] who have demonstrated that the time spent in Simple
bow technique was longer, compared to using the Twill tech-
nique. Moreover, Levy and Griego [13] have shown that the
time taken for application of securement method was statisti-
cally signiﬁcantly longer in the Simple bow group, compared
to the Twill group. Additionally Chevron et al. [7] have stated
that the decrease in time required for Twill tape technique
application and removal reﬂects ease of use of the ETT ﬁxation
method. As well, Carlson et al. [9] added that nurses found
that the Twill tape procedure was easier to apply, remove
and would seem preferable for reasons of saving time, effort,
safety and comfort. Conversely, the previously reported study
results are in contradiction with Anne et al. [25] who have
reported that the time taken for removal was signiﬁcantly
shorter in the Adhesive group, compared to the Twill group.
The present study result has also assessed pain intensity
post ETT ﬁxation methods among patients in the three study
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had the lowest scores of pain intensity, while those in the
Adhesive group had the highest scores. These differences
were statistically signiﬁcantly different at all three times of
assessment. These ﬁndings are in line with Taggart and Lind
[32] and Epstein et al. [35] who have reported that Twill tape
technique was the least painful. However, the previously men-
tioned study results are in disagreement with Chevron et al. [7]
who could not reveal any statistical signiﬁcant differences
among the three securement methods as regards discomfort,
pain and distress.
Considering satisfaction with the procedure among patients
in the three study groups, the present study result has also
demonstrated statistically signiﬁcant differences. The ﬁndings
have elucidated that the patients’ satisfaction was lowest in
the Adhesive group, and highest in the Twill group. These ﬁnd-
ings are congruent with Yeh and Lee [22] who explained that
Twill tape securement was the most preferred by patients
because of less skin irritation and more comfort than adhesive
tape method. Additionally, Carlson et al. [9] have reported
that Twill tape is safe, effective technique, ease of access and
removal with less pain than other securement methods, which
will in turn increase patient satisfaction. However, in disagree-
ment with these ﬁndings, Barnson et al. [20] who compared the
traditional methods of securement techniques found that Sim-
ple bow method has high overall levels of safety, efﬁcacy, and
consequently patient satisfaction.
Conclusion and recommendations
Given the present study ﬁndings, it is concluded that Twill
securement technique method in ICUs for orally intubated
patients is associated with lower times taken for application
and removal of endotracheal tube (ETT) securement. It also
has lower incidence of ETT slippage, less breakdown of oral
mucosa and facial skin integrity with less pain intensity. This
in turn resulted in higher levels of patient satisfaction, com-
pared to Adhesive and Simple bow securement techniques.
Therefore, it is recommended to use this method, which does
not need any special equipment, and is comfortable to the
patient. Developing strategies to prevent ETT slippage will
aim at increasing patient safety after securement technique
interventions. Further study is warranted to develop applicable
measures used to avoid or immediately detect accidental extu-
bation no matter how endotracheal tube is secured. As well a
study is also indicated to determine comparison of other ETT
securement techniques to minimize adverse patient outcomes.
Finally, determining factors that inﬂuence the selection of
the most appropriate ETT securement based on characteristics
of the critically orally intubated patients is also recommended.
Implications for nursing practice
This study provides nurses with research ﬁndings to support
independent decisions to implement interventions during endo-
tracheal tube securement technique.
Future efforts from clinical intensive care nurses, for
mechanically ventilated patients, should focus on a wide vari-
ety of strategies and methods used in securing and managing
the oral endotracheal tube and oral care, so that these can
be systemically applied in research studies.Nurses should continue to use aspects of evidence identiﬁed
for currently used ETT securement methods based on patient
needs to achieve patient safety and avoid potential complica-
tions with quality-oriented nursing care within a system having
limited overall nursing care resources.Conﬂict of interest
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